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SYSTEM AND METHOD FOR THE INSPECTION 
OF ADHESIVE 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to systems 
and methods for inspecting joints and, more particularly, to 
systems and methods for inspecting adhesive interconnect 
ing elements of a composite structure utiliZing a transducer. 

BACKGROUND OF THE INVENTION 

[0002] Composite parts have become commonly used 
throughout industry because of their engineering qualities, 
design ?exibility and loW Weight. In particular, honeycomb 
composite structures having a honeycomb core bonded 
betWeen tWo composite face sheets provide excellent 
strength and stiffness to Weight ratios that make them 
particularly valued and Widely used in the aerospace indus 
try. Generally, composite structures, such as honeycomb 
composite structures, are made up of multiple elements. And 
often, these elements intersect and are interconnected by 
adhesive that is applied at the interconnection of the ele 
ments and thereafter cured to permanently join the elements. 
In this regard, the integrity of the adhesive at the intercon 
nection of the elements is typically critical to the perfor 
mance of the structure. For example, in the aircraft industry, 
the quality of adhesive at the intersection of elements in 
composite spars and co-cured structures are critical to their 
performance. FlaWs such as cracks, voids, or porosity can 
form in the adhesive and adversely affect the composite 
structure. In addition, ?aWs such as regions of inadequately 
cured adhesive can also adversely affect the composite 
structure. 

[0003] To help ensure the integrity of adhesive intercon 
necting elements in composite structures, the adhesive is 
generally inspected for ?aWs. Such adhesive may not alWays 
be adequately inspected, hoWever, particularly using tradi 
tional nondestructive inspection (NDI) methods. For 
example, one NDI method of inspecting adhesive joining 
elements of a composite structure includes using a hand 
operated durometer that can measure the hardness near the 
surface of exposed adhesive. And While using a durometer 
to measure the hardness of the adhesive near the surface of 
the exposed adhesive can adequately detect ?aWs near the 
surface of the adhesive, many ?aWs exist Well beloW the 
surface of the adhesive. Thus, such ?aWs are undetectable 
using conventional methods such as those utiliZing a durom 
eter. 

SUMMARY OF THE INVENTION 

[0004] In light of the foregoing background, an improved 
system and method are provided for inspecting adhesive in 
a composite structure. As such, the system and method of 
embodiments of the present invention can reliably detect 
defects Within the adhesive betWeen elements of a composite 
structure. The system and method of embodiments of the 
present invention therefore reliably detect defects Within the 
adhesive, While overcoming the draWbacks of other inspec 
tion methods. In this regard, embodiments of the system and 
method can inspect the adhesive Without the use of cou 
plants that could contaminate the composite structure. The 
system and method of embodiments of the present invention 
can also detect ?aWs beloW the surface of the adhesive, in 
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contrast to methods utiliZing a durometer. Further, the sys 
tem of the present invention can be implemented Without 
requiring equipment on multiple sides of the composite 
structure and, as such, adhesive in composite structures such 
as honeycomb sandWich panels can be inspected during 
fabrication of the panels, such as While the panels lie on a 
lay-up tool. 

[0005] Typically, a composite structure such as a honey 
comb sandWich panel includes at least tWo sections sepa 
rated from one another to thereby de?ne a gap. Disposed 
Within the gap, then, the composite structure includes adhe 
sive to thereby bond the sections. The system and method of 
embodiments of the present invention are therefore designed 
to reliably detect defects in the adhesive, such as defects 
indicative of voids, cracks and/or regions of inadequately 
cured adhesive. 

[0006] According to one aspect of the present invention, a 
system is provided for inspecting adhesive in the composite 
structure. The system includes a transducer and a processing 
element. The transducer is disposed proximate the adhesive. 
In this regard, the transducer can include at least one rubber 
sheet disposed proximate a face of the transducer betWeen 
the transducer and the adhesive such that the rubber sheets 
can solid-couple the transducer to the adhesive. Alterna 
tively, the transducer can be Within a Wheel probe. In such 
an embodiment, the Wheel probe includes a rubber strip 
capable of solid-coupling the transducer to the adhesive. 

[0007] The transducer can transmit a signal, such as an 
ultrasonic signal, into the adhesive such that at least a 
portion of the signal can propagate through the adhesive and 
re?ect back through the adhesive. Upon exiting the adhe 
sive, then, the transducer can receive the re?ected portion of 
the signal. Once the transducer has received the re?ected 
portion of the signal, the processing element is capable of 
identifying a defect in the composite structure based upon: 
(a) an amplitude of the re?ected portion of the signal 
received by the transducer, and/or (b) a transit time betWeen 
transmission of the signal and reception of the re?ected 
portion of the signal. 

[0008] More particularly, the processing element is 
capable of identifying a defect based upon a comparison of 
the amplitude of the re?ected portion of the signal and a 
prede?ned threshold, Where the predetermined threshold is 
based upon the amplitude of the signal transmitted by said 
transducer. In this regard, the processing element is capable 
of identifying a defect, such as at least one region of 
incompletely cured adhesive, When the amplitude of the 
re?ected portion of the signal is less than a predetermined 
percentage of the amplitude of the signal transmitted by the 
transducer. Additionally, or alternatively, the processing 
element can be capable of identifying a defect, such as a 
void, When the transit time is less than a predetermined time. 

[0009] The system can also include a scanning assembly 
electrically connected to the processing element. In such 
embodiments, the transducer is secured to the scanning 
assembly such that the scanning assembly can guide the 
transducer along the adhesive. In this regard, the transducer 
can be capable of repeatedly transmitting signals into the 
adhesive at different points therealong, and capable of 
receiving the re?ected portion at each point. In these 
embodiments, the processing element can identify a defect 
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at each point based upon: (a) an amplitude of the re?ected 
portion of the signal received at the respective point, and/or 
(b) the transit time. 

[0010] A method of inspecting adhesive in a composite 
structure is also provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Having thus described the invention in general 
terms, reference Will noW be made to the accompanying 
draWings, Which are not necessarily draWn to scale, and 
Wherein: 

[0012] FIG. 1 is a perspective vieW of a honeycomb 
composite structure including adhesive for inspection 
according to one embodiment of the present invention; 

[0013] FIG. 2 is a cross-sectional vieW of the composite 
structure of FIG. 1 taken along line 2-2, Where the com 
posite structure is situated on a lay-up tool With an exploded 
inset of the adhesive including various defects that can 
appear in the adhesive; 

[0014] FIG. 3 is a schematic block diagram of a system 
for inspecting adhesive in a composite structure according to 
one embodiment of the present invention; 

[0015] FIGS. 4A and 4B illustrate various con?gurations 
of transducers capable of operating Within the system of 
according to one embodiment of the present invention; and 

[0016] FIGS. 5A, 5B and 5C illustrate various plots of a 
transmitted ultrasonic signal and a received, re?ected ultra 
sonic signal at different points along the length of the 
adhesive, according to one embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] The present invention noW Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which preferred embodiments of the invention are 
shoWn. This invention may, hoWever, be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein; rather, these embodiments are 
provided so that this disclosure Will be thorough and com 
plete, and Will fully convey the scope of the invention to 
those skilled in the art. Like numbers refer to like elements 
throughout. 
[0018] A system and method are provided for inspecting 
adhesive at an interconnection betWeen tWo elements of a 
composite structure. The composite structure Will be shoWn 
and described as a composite honeycomb sandWich panel. It 
should be understood, hoWever, that the composite structure 
can comprise any of a number of different composite struc 
tures that include at least tWo elements interconnected by 
adhesive. 

[0019] Referring to FIGS. 1 and 2, there is shoWn a 
composite honeycomb sandWich panel structure generally 
indicated at 10. The honeycomb sandWich panel generally 
has outer face sheets or skins, one of Which, referred to as 
a tool-side skin 12, is shoWn. The outer skins are adhered to 
a central honeycomb core 14. The ?nished skins typically 
comprise laminates of layers of ?ber-reinforced organic 
matrix resin (prepregs) in a cured and consolidated com 
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posite form. The core can comprise any of a number of 
different materials such as, for example, paper, synthetic 
paper (e.g., NOMEX brand paper manufactured by El. 
duPont de Nemours and Company of Wilmington, Del.), 
metal, composite, ?berglass, or the like, as appropriate for 
the application. 

[0020] According to one conventional fabrication tech 
nique, the tool-side skin 12 is laid up on the surface of a 
lay-up tool, sometimes referred to as a “bond assembly jig” 
or BA] 16 (a portion of Which is shoWn in FIG. 2). The 
honeycomb core 14 can then be cut and ?tted onto the 
tool-side skin. In this regard, the honeycomb core typically 
comprises at least tWo sections of honeycomb core, tWo of 
Which are shoWn and designated 14a, 14b. The sections of 
honeycomb core are separated by a gap 18, Which typically 
varies in length betWeen a quarter inch and three-eighths of 
an inch. To connect, bond or otherWise splice the tWo 
sections of the core together, then, an adhesive 20 is typi 
cally disposed Within the gap. The adhesive can comprise 
any of a number of different adhesives, both room-tempera 
ture cured and heat cured. For example, the adhesive can 
comprise a foaming adhesive such as model 899-55 REDUX 
node bond adhesive manufactured by Hexcel Composites, a 
subsidiary of the Hexcel Corporation of Dublin, Ca. 

[0021] After the honeycomb core sections 14a, 14b have 
been ?tted onto the tool-side skin 12 and the adhesive 20 
disposed betWeen the core sections, the tool-side skin and 
core assembly can be covered With a vacuum bag from 
Which the air is WithdraWn With a vacuum source. The 
bagged assembly can then be inserted into an autoclave and 
reconnected to the vacuum source such that additional air, if 
any, can be WithdraWn While the bagged assembly is being 
heated to cure the resin in the tool-side skin to bond the core 
to the skin, and to cure the adhesive to bond the core sections 
together. Then, the bagged assembly can be removed from 
the autoclave and unbagged. 

[0022] The honeycomb core 14 assembly can then be 
machined to the desired con?guration. Typically, the assem 
bly is machined by a computer numerical controlled (CNC) 
machine tool such as a gantry mounted robot. HoWever, 
because it is typically not possible to perform this machining 
operation With the assembly on the BA], the assembly can 
be broken out of the BA] 16, and transferred to another tool 
knoWn as a “bond mill ?xture” or BMF (not shoWn). In this 
regard, the BMF has a part support surface designed to have 
the same pro?le as the BA] and also includes vacuum ports 
and hold doWn mechanisms intended to hold the assembly in 
place on the BMF While the honeycomb core is machined to 
sculpt it to the desired shape The BMF also had index 
features for accurately locating it on the machine tool bed of 
the CNC machine tool, and it has an accurately machined 
“A” datum plane for orienting the part support surface of the 
BMF relative to the machine tool bed to facilitate accurate 
machining by CNC machine tools. 

[0023] The partially fabricated honeycomb sandWich 
panel 10 can then be removed from the BMF and the 
honeycomb core 14 and cleaned to remove dust from the 
cells. The cleaned panel can then be repositioned onto the 
BA] 16 Where it is reattached With clamps and hold-doWn 
devices. The second skin, knoWn as a bag-side skin (not 
shoWn) can then be laid over the honeycomb core and 
covered With another vacuum bag. To bond the bag-side skin 
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to the core, then, the BA] can be reinserted back into the 
autoclave. After curing, the cured part can again be removed 
from the BA] and repositioned back onto the BMF for ?nal 
trim, if necessary. 

[0024] As shoWn in the exploded inset portion of FIG. 2, 
various defects can appear in the adhesive 20 Within the gap 
18 de?ned betWeen the honeycomb core sections 14a, 14b 
that affect performance of the honeycomb sandWich panel 
10. For example, the adhesive can include defects such as 
voids 22 and/or cracks (not shoWn). Additionally, or alter 
natively, the adhesive can include one or more regions 24 of 
inadequately, or incompletely, cured adhesive (sometimes 
referred to as “soft” adhesive). In this regard, noW referring 
to FIG. 3, the present invention provides a system and 
method to inspect the adhesive 20 for such defects. To 
inspect the adhesive, the system includes a transducer 26 
that is capable of transmitting signals into the adhesive and 
receiving re?ected signals from the adhesive, respectively. 
In this regard, defects in the joint can be identi?ed based 
upon a relationship betWeen the transmitted and re?ected 
ultrasonic signals, as described beloW. 

[0025] The transducer 26 can comprise any of a number of 
different types of transducers capable of functioning in 
accordance With the present invention. In one advantageous 
embodiment, the transducer is an ultrasonic testing (IT) 
transducer capable of transmitting and receiving ultrasonic 
signals. The transducer is adapted to be solid-coupled to the 
adhesive 20 and, therefore, does not require a liquid cou 
plant like many conventional transducers. In this regard, the 
system can inspect the adhesive of composite structures that 
might otherWise be contaminated by a liquid couplant. The 
transducer can comprise any of a number of different UT 
transducers capable of being solid-coupled to the adhesive. 

[0026] As shoWn schematically in FIG. 4A, the transducer 
26 can comprise a conventional transducer that includes one 
or more sheets 28, such as rubber sheets, stretched over the 
face of the transducer. In such an embodiment, for example, 
the transducer can comprise an F-Style 5 MHZ gamma series 
224-000 model transducer manufactured by Krautkramer 
Ultrasonic Systems, a subsidiary of the Agfa-Gevaert Group 
of Mortsel, Belgium. Alternatively, as shoWn in FIG. 4B, the 
transducer can be mounted Within a Wheel probe 30. Such a 
Wheel probe may have an axle 32, to Which the transducer 
is mounted, and a rotor 34 (i.e., Wheel), Which rotates about 
the axle on bearings. Areplaceable strip 36, such as a rubber 
strip, can then ?t around the rotor to provide UT coupling 
betWeen the transducer and the adhesive. One example of 
such a Wheel probe is an SSW Wheel probe manufactured by 
Sigma Instruments Corporation of KenneWick, Wash. 
[0027] By including a sheet or strip, such as a rubber sheet 
or strip, betWeen the transducer and the adhesive and apply 
ing slight pressure on the transducer toWard the adhesive, the 
sheet or strip can seal against the surface of the adhesive and 
alloW most of the signals from the transducer to pass into the 
adhesive unimpeded. Without the sheet or strip, an air gap 
can be created betWeen the transducer and the adhesive 
because the transducer does not typically conform and seal 
to the adhesive, particularly as the adhesive is not perfectly 
?at, nor perfectly smooth. Such a gap, then, can produce a 
large impedance mismatch for the signals from the trans 
ducer. 

[0028] To inspect all of the adhesive 20, the transducer 26 
can be guided over the adhesive along the entire length of 
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the gap 18 betWeen the honeycomb core sections 14a, 14b. 
The transducer can be guided over the adhesive in any one 
of a number of different manners, including by hand. In one 
advantageous embodiment, hoWever, the system includes a 
scanning assembly to guide the transducer over the adhe 
sive. Referring again to FIG. 3, the scanning assembly 
includes a guide assembly capable of moving the transducer 
relative to the gap. The guide assembly can comprise any of 
a number of different elements. For example, the guide 
assembly can comprise a robotic scanning bridge 40 oper 
ated by various control motors 42, such as any of a number 
of gantry robots controlled by a Cimroc model controller, 
both manufactured by PaR Systems, Inc. of ShorevieW, 
Minn. In this regard, the scanning bridge preferably moves 
the transducer longitudinally along an “x” axis parallel to the 
length of the gap to inspect along the length of the adhesive. 

[0029] Regardless of the matter in Which the transducer 26 
is guided along the length of the adhesive 20, the system 
includes a processing element 44 to identify defects in the 
adhesive during inspection. Generally the processing ele 
ment includes an ultrasonic signal module 46 capable of 
providing electrical pulses to the transducer 26, Which 
transmits the ultrasonic signals therefrom. Also, the ultra 
sonic signal module is capable of receiving electrical pulses 
from the receiving transmitter, Which generates the electrical 
pulses from the re?ected ultrasonic signals received by the 
transducer. Further, the signal module can include a display 
48, such as a screen, monitor or the like, for displaying the 
electrical signals provided to and received from the trans 
ducer. 

[0030] In addition to the ultrasonic signal module 46, in 
embodiments Where the transducer 26 is guided by the 
scanning assembly, the processing element 44 generally 
includes a control module 50 for controlling the movement 
of the scanning bridge 40 and, thus, the transducer 26. If so 
desired, the processing element can also include a data 
collection module 52 capable of recording and thereafter 
storing data representative of the amplitudes of the trans 
mitted ultrasonic signals and the re?ected ultrasonic signals 
received by the transducer. The ultrasonic signal module, 
control module and data collection module of the processing 
element can each include separate elements, or one or more 
of the modules can be embodied in a single device, such as 
a personal computer, high level processor or the like. For 
example, in one embodiment, the ultrasonic signal module 
can comprise an ultrasonic inspection instrument, such as a 
USN 52L model Ultrasonic FlaW Detector, manufactured by 
Krautkramer Ultrasonic Systems. Also, for example, the 
control module and data collection module can collectively 
be embodied in a personal computer capable of performing 
the functions of both modules, With the ultrasonic signal 
module embodied by another processing element. 

[0031] The adhesive 20 can be inspected at any one of a 
number of different times during fabrication of the compos 
ite structure. In embodiments Where the composite structure 
comprises a honeycomb sandWich panel 10, hoWever, the 
adhesive is preferably inspected after removing the bagged 
tool-side skin 12 and honeycomb core 14 assembly from the 
autoclave and unbagging the tool-side skin and core assem 
bly, and before laying the bag-side skin over the core. In 
operation, then, according to one embodiment, the adhesive 
of a composite structure is inspected by ?rst setting the 
transducer 26 relative to the adhesive 20. In this regard, the 
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transducer is set proximate a ?rst end of the adhesive so that 
the transducer is solid-coupled to the adhesive, such as by 
one or more sheets 28 stretched over the face of the 

transducer, or by a replaceable strip 36 (in instances in Which 
the transducer is mounted Within a Wheel probe 30). Addi 
tionally, the transducer is preferably positioned such that the 
axis of transmission of the transducer intersects the adhesive 
at a ?rst predeterrnined point at one end of the adhesive 
(along the “x” axis). 

[0032] Once the transducer 26 is positioned, the ultrasonic 
signal module 46 can direct the transducer to transmit an 
ultrasonic signal into the adhesive 20. Upon entering the 
adhesive, the ultrasonic signal propagates through adhesive 
to an intersection of the adhesive (or more, particularly, a 
second end of the adhesive) and the tool-side skin 12 Where 
at least a portion (typically a signi?cant portion) of the 
ultrasonic signal re?ects off of the tool-side skin (With the 
remaining portion propagating through the tool-side skin). 
The ultrasonic signal typically transmitted by the transducer 
is a longitudinal mode signal, hoWever, at different angles at 
Which the ultrasonic signal re?ects off of the interface of the 
adhesive and the tool-side skin, portions of the ultrasonic 
signal can undergo a mode conversion into a shear (i.e., 
transverse) rnode signal. In this regard, the ultrasonic signal 
re?ected off the interface of the adhesive and tool-side skin 
typically utiliZed by the system is the re?ected longitudinal 
mode ultrasonic signal. 

[0033] The re?ected ultrasonic signal then propagates 
back through the adhesive 20, exiting the adhesive at the ?rst 
end. Upon exiting the adhesive, then, the transducer 26 
receives the re?ected portion of the ultrasonic signal. As the 
transducer transrnits and receives the ultrasonic signal and 
re?ected ultrasonic signals, respectively, the data collection 
module 52 can record and/or save data representative the 
transmitted ultrasonic signals and the re?ected ultrasonic 
signals. Additionally, the data collection module can record 
and/or save the position of the transducer relative to the 
adhesive. 

[0034] After the transducer 26 transmits the ultrasonic 
signal and receives any re?ected portion of the ultrasonic 
signal, the control module 50 can move the transducer 
lengthWise an incremental arnount along the length of the 
adhesive 20 (along the “x” axis) such that the axis of 
transmission of the transducer intersects the adhesive at 
another point. For example, for adhesive that has a length of 
120 inches, the control module can move the transducer 0.03 
to 0.05 inches along the length. The control module can 
move the transducer in other incrernents if desired, hoWever, 
such as depending upon the desired resolution. The adhesive 
typically folloWs a linear path Within the gap 18, hoWever, 
it should be understood that the adhesive can have a non 
linear path Without departing from the spirit and scope of the 
present invention. 

[0035] Once the transducer has been moved, the ultrasonic 
signal module 46 directs the transducer to transmit another 
ultrasonic signal into the adhesive. The ultrasonic signal Will 
again propagate through the adhesive and exit the adhesive 
back into the transducer. Also as before, the data collection 
module 52 can record and/or save data representative the 
transmitted ultrasonic signals and the re?ected ultrasonic 
signals. Additionally, the data collection module can record 
and/or save the position of the transducer relative to the 
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adhesive, such as the position of the transducer along the 
length of the adhesive. The control module repeatedly 
moves the transducer along the length, With the transducer 
transrnitting ultrasonic signals and receiving re?ected por 
tions of the ultrasonic signals, respectively. And the data 
collection rnodule records and/or saves respective data at 
each point. By transrnitting/receiving the ultrasonic signals, 
recording the data and moving the transducer, the system can 
scan the length of the adhesive. 

[0036] At each point along the length of the adhesive 20, 
?aWs in the adhesive can be determined based upon a 
relationship betWeen the transmitted ultrasonic signal and 
the received ultrasonic signal. In a non-defective portion of 
the adhesive, the transducer 26 Will receive a re?ected 
ultrasonic signal having an amplitude above a prede?ned 
threshold, With the re?ected ultrasonic signal being received 
at least a predetermined time after the transducer transmits 
the ultrasonic signal. If the transducer transrnits an ultra 
sonic signal into a portion of the adhesive including a void 
22, crack or similar ?aW including a lack or absence of 
adhesive, hoWever, a signi?cant portion of the ultrasonic 
signal Will re?ect from the interface betWeen the adhesive 
and the ?aW and, as such, not continue to propagate through 
the adhesive to the interface of the adhesive and the tool-side 
skin 12. As such, the time betWeen When the transducer 
transmits the ultrasonic signal and receives the re?ected 
ultrasonic signal Will be shorter than the predetermined time. 
Additionally, or alternatively, if the transducer transrnits an 
ultrasonic signal into a portion of the adhesive including one 
or more regions 24 of inadequately cured adhesive or similar 
?aW, at least a portion of the ultrasonic signal Will be 
attenuated by the ?aW. Thus, the amplitude of the re?ected 
ultrasonic signal Will be beloW the prede?ned threshold 
although the timing Will be similar to a signal transmitted 
through an adhesive Without such ?aWs. 

[0037] The prede?ned threshold can be de?ned in any one 
of a number of different rnanners but, in one embodiment, 
the threshold is de?ned based upon the amplitude of the 
ultrasonic signal transmitted by the transducer 26. For 
example, the threshold can be de?ned to equal half of the 
amplitude of the ultrasonic signal transrnitted. Thus, if the 
transducer receives a re?ected ultrasonic signal more than 
half the transmitted signal, the respective portion of the 
adhesive is deemed not defective. But if the transducer 
receives a re?ected ultrasonic signal less than half the 
transmitted signal, the respective portion is identi?ed as 
defective. Alternatively, for example, the threshold can be 
de?ned based upon the amplitude of a re?ected portion of an 
ultrasonic signal transmitted through a knoWn non-defective 
adhesive of the same or similar type as the adhesive being 
inspected, and having the same Width as the adhesive being 
inspected (along the “Z” axis). For example, the threshold 
can be de?ned to equal less than, such as 25% less than, the 
amplitude of a re?ected portion of an ultrasonic signal 
transmitted through such a knoWn non-defective adhesive. 

[0038] The predetermined time can sirnilarly be de?ned in 
any one of a number of different rnanners. In one ernbodi 

rnent, for example, the predetermined time is de?ned based 
upon the time required for an ultrasonic signal to propagate 
entirely through, re?ect back and return through a knoWn 
non-defective adhesive of the same or similar type as the 
adhesive being inspected, and having the same Width as the 
adhesive being inspected (along the “Z” axis). For example, 



US 2004/0103721 Al 

the predetermined time can be de?ned to be slightly less, 
such as 5% less, than the time required for an ultrasonic 
signal to propagate entirely through, re?ect back and return 
through the known non-defective adhesive. 

[0039] To facilitate detecting the defects at each position, 
the data collected by the data collection module 52 repre 
sentative of the re?ected ultrasonic signals received by the 
transducer 26 can be used to plot the re?ected ultrasonic 
signal along With the transmitted ultrasonic signal, both as a 
function of the time the transducer transmits the ultrasonic 
signal and receives the re?ected ultrasonic signal, respec 
tively. The plot, in turn, can be presented to a user, such as 
via the display 48 of the signal module 46. Alternatively, the 
plot or an electronic representation thereof may be auto 
matically analyZed, such as by the processing element 44. 
Thus, FIGS. 5A, 5B and 5C, illustrate various plots of the 
transmitted ultrasonic signal (designated 54) and the 
received, re?ected ultrasonic signal (designated 56) at dif 
ferent points along the length of the adhesive, Which can be 
presented by the display of the signal module. For compari 
son purposes, the display can, but need not, also depict the 
predetermined time (designated 58) and/or the prede?ned 
threshold (designated 60). 

[0040] The plot shoWn in FIG. 5A represents a scenario 
Wherein the transducer 26 receives the re?ected ultrasonic 
signal 56 at a time after the predetermined time 58. Addi 
tionally, the re?ected ultrasonic signal has an amplitude 
above the prede?ned threshold 60. Therefore, the adhesive 
20 at the point re?ected in the plot of FIG. 5A can be 
deemed non-defective. As illustrated by the plot in FIG. 5B, 
in another scenario, the transducer receives the re?ected 
ultrasonic signal at a time after the predetermined time. 
HoWever, the re?ected ultrasonic signal has an amplitude 
beloW the prede?ned threshold. As such, the adhesive at the 
point on the adhesive re?ected in the plot of FIG. 5B can be 
deemed defective, With the ?aW characteriZed as one or 
more regions 24 of inadequately, or incompletely, cured 
adhesive or the like. In yet another scenario, represented by 
the plot illustrated in FIG. 5C, the re?ected ultrasonic signal 
has an amplitude above the threshold. The adhesive at the 
point re?ected in the plot of FIG. 5C is deemed defective, 
hoWever, as the transducer receives the re?ected ultrasonic 
signal at a time before the predetermined time. In such 
instances, the ?aW can be characteriZed as a void 22, crack 
or the like. 

[0041] The system and method of embodiments of the 
present invention therefore reliably detect defects Within the 
adhesive 20, While overcoming the draWbacks of other 
inspection methods. In this regard, embodiments of the 
system and method can inspect the joint Without the use of 
couplants that could contaminate the composite structure. 
The system and method of embodiments of the present 
invention can also detect ?aWs beloW the surface of the 
adhesive, in contrast to methods utiliZing a durometer. 
Further, the system of the present invention can be imple 
mented Without requiring equipment on multiple sides of the 
composite structure and, as such, adhesive in composite 
structures such as honeycomb sandWich panels can be 
inspected While the panel lies on a BA]. 

[0042] Many modi?cations and other embodiments of the 
invention Will come to mind to one skilled in the art to Which 
this invention pertains having the bene?t of the teachings 

Jun. 3, 2004 

presented in the foregoing descriptions and the associated 
draWings. Therefore, it is to be understood that the invention 
is not to be limited to the speci?c embodiments disclosed 
and that modi?cations and other embodiments are intended 
to be included Within the scope of the appended claims. 
Although speci?c terms are employed herein, they are used 
in a generic and descriptive sense only and not for purposes 
of limitation. 

What is claimed is: 
1. A system for inspecting adhesive bonding together a 

plurality of elements in a composite structure that includes 
sections spaced apart to thereby de?ne a gap, Wherein the 
composite structure further includes at least partially cured 
adhesive disposed Within the gap to thereby connect the 
sections, said system comprising: 

a transducer capable of transmitting a signal into the 
adhesive such that at least a portion of the signal can 
propagate through the adhesive, re?ect back through 
the adhesive and be received by said transducer; and 

a processing element capable of identifying at least one 
region of incompletely cured adhesive in the composite 
structure based upon an amplitude of the re?ected 
portion of the signal received by said transducer. 

2. Asystem according to claim 1, Wherein said transducer 
includes at least one rubber sheet disposed proximate a face 
of said transducer betWeen said transducer and the adhesive, 
and Wherein the at least one rubber sheet is capable of 
solid-coupling said transducer to the adhesive. 

3. A system according to claim 1 further comprising a 
Wheel probe With said transducer therein, Wherein said 
Wheel probe includes a rubber strip capable of solid-cou 
pling said transducer to the adhesive. 

4. Asystem according to claim 1, Wherein said processing 
element is capable of identifying at least one region of 
incompletely cured adhesive based upon a comparison of the 
amplitude of the re?ected portion of the signal and a 
prede?ned threshold, and Wherein the predetermined thresh 
old is based upon the amplitude of the signal transmitted by 
said transducer. 

5. Asystem according to claim 1, Wherein said processing 
element is capable of responding to a decrease in the 
amplitude of the signal transmitted by said transducer by a 
predetermined amount. 

6. Asystem according to claim 1, Wherein said processing 
element is further capable of identifying a defect in the 
composite structure based upon a relationship of a transit 
time betWeen transmission of the signal and reception of the 
re?ected portion of the signal to a predetermined time. 

7. Asystem according to claim 6, Wherein said processing 
element is capable of identifying a defect When the transit 
time is less than the predetermined time. 

8. Asystem according to claim 7, Wherein said processing 
element is capable of identifying a void de?ned Within the 
adhesive When the transit time is less than the predetermined 
time. 

9. A system according to claim 1 further comprising a 
scanning assembly electrically connected to said processing 
element, Wherein said transducer is carried by said scanning 
assembly such that said scanning assembly guides said 
transducer along the adhesive. 

10. A system according to claim 1, Wherein said trans 
ducer is capable of repeatedly transmitting signals into the 
adhesive at different points therealong, and capable of 
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receiving the re?ected portion at each point, and Wherein 
said processing element is capable of identifying at least one 
region of incompletely cured adhesive at each point based 
upon an amplitude of the re?ected portion of the signal 
received at the respective point. 

11. A system according to claim 10, Wherein said pro 
cessing element is further capable of identifying a defect at 
each point based upon a relationship of a transit time 
betWeen transmission of the signal and reception of the 
re?ected portion of the signal to a predetermined time. 

12. A method for inspecting a joint in a composite 
structure comprising: 

providing a composite structure that includes sections 
spaced apart to thereby de?ne a gap, Wherein the 
composite structure further includes at least partially 
cured adhesive disposed Within the gap to thereby 
connect the sections; 

transmitting a signal into the adhesive such that at least a 
portion of the signal can propagate through the adhe 
sive and re?ect back through the adhesive; 

receiving a re?ected portion of the signal; and 

identifying at least one region of incornpletely cured 
adhesive in the composite structure based upon an 
amplitude of the re?ected portion of the signal. 

13. A method according to claim 12, Wherein identifying 
at least one region of incornpletely cured adhesive cornprises 
identifying at least one region of incornpletely cured adhe 
sive based upon a comparison of the amplitude of the 
re?ected portion of the signal and a prede?ned threshold, 
and Wherein the predetermined threshold is based upon the 
amplitude of the transmitted signal. 

14. A method according to claim 13, Wherein identifying 
at least one region of incornpletely cured adhesive cornprises 
identifying at least one region of incornpletely cured adhe 
sive When the amplitude of the re?ected portion of the signal 
is less than a predetermined percentage of the amplitude of 
the transmitted signal. 

15. A method according to claim 14 further comprising 
identifying a defect based upon a transit time betWeen 
transmission of the signal and reception of the re?ected 
portion of the signal to a predetermined time. 

16. A method according to claim 15, Wherein identifying 
a defect in the composite structure based upon a relationship 
of a transit time cornprises identifying a defect When the 
transit time is less than the predetermined time. 

17. A method according to claim 16, Wherein identifying 
a defect When the transit time is less than the predetermined 
time cornprises identifying a void de?ned Within the adhe 
sive When the transit time is less than the predetermined 
time. 
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18. A method according to claim 12, Wherein transmitting 
a signal comprises repeatedly transrnitting signals into the 
adhesive at different points therealong, Wherein receiving 
the re?ected portion occurs for each point, 

Wherein identifying at least one region of incornpletely 
cured adhesive cornprises identifying at least one 
region of incornpletely cured adhesive at each point 
based upon an amplitude of the re?ected portion of the 
signal received at the respective point. 

19. A method according to claim 18 further comprising 
identifying a defect at each point based upon a transit time 
betWeen transmission of the signal and reception of the 
re?ected portion of the signal relative to a predetermined 
time. 

20. A method for inspecting a joint in a composite 
structure comprising: 

providing a composite structure that includes sections 
spaced apart to thereby de?ne a gap, Wherein the 
composite structure further includes at least partially 
cured adhesive disposed Within the gap to thereby bond 
the sections; 

transmitting a signal into the adhesive such that at least a 
portion of the signal can propagate through the adhe 
sive and re?ects back through the adhesive; 

receiving a re?ected portion of the signal; and 

separately identifying at least one of a region of incorn 
pletely cured adhesive and a void Within the adhesive, 
Wherein at least one of the region and the void are 
identi?ed based upon the re?ected portion of the signal. 

21. A method according to claim 20, Wherein identifying 
a region of incornpletely cured adhesive cornprises identi 
fying a region of incornpletely cured adhesive based upon a 
comparison of the amplitude of the re?ected portion of the 
signal and a prede?ned threshold, and Wherein the prede 
terrnined threshold is based upon the amplitude of the 
transmitted signal. 

22. A method according to claim 21, Wherein identifying 
a region of incornpletely cured adhesive cornprises identi 
fying a region of incornpletely cured adhesive When the 
amplitude of the re?ected portion of the signal is less than 
a predetermined percentage of the amplitude of the trans 
rnitted signal. 

23. A method according to claim 20, Wherein identifying 
a void Within the adhesive cornprises identifying a void 
Within the adhesive When the transit time is less than the 
predetermined time. 


